Objectives-To evaluate the diagnostic value of contrast-enhanced ultrasonography (CEUS) in the differential diagnosis of tuberculous and metastatic lymph nodes.
A ccurate diagnostic assessment of abnormal lymph nodes in the neck is important for appropriate therapy. Reliable discrimination between conditions such as nodal metastases and lymph node tuberculosis (TB) is important in patient prognosis, as the clinical management of them is quite different. 1 Many previous ultrasound studies have focused on the differentiation of benign from malignant lymph nodes, although tuberculous lymph nodes are not uncommon, and there are many tuberculosis-endemic areas in the world. 2 Cervical tuberculous lymphadenitis is a common manifestation of extrapulmonary tuberculosis. Some patients with tuberculous lymphadenitis may be without typical clinical features and imaging characteristics for TB. It is difficult to make differential diagnosis for such patients between tuberculosis lymph nodes and metastatic lymph nodes.
Ultrasonography is the first-choice imaging technique for the diagnosis of cervical lymph node. 3 Conventional ultrasonography can clearly show the size, morphology, hilum structure, thickness of the cortex, and other characteristics of a lymph node. Color Doppler ultrasonography shows blood vessel distribution and the blood flow within a lymph node. Because of the overlapping characteristics in morphology and bloodflow distribution of tuberculous lymph nodes and metastatic lymph nodes, there is a degree of difficulty in the diagnosis and identification of cervical lymph nodes using conventional ultrasonography. 4, 5 Contrast-enhanced ultrasonography (CEUS) shows real-time information of the microvessels and blood perfusion in a lesion, and displays the microvessels in a lymph node better than conventional ultrasonography. The time-intensity curve (TIC) quantitatively analyzes blood perfusion in the lesions and provides more diagnostic information for lymph node characterization. 6, 7 In this study, the characteristics of atypical tuberculous lymph nodes and metastatic lymph nodes were investigated using conventional ultrasonography and CEUS, including TIC analysis. We aimed to evaluate the diagnostic value of CEUS in the diagnosis and differential diagnosis of metastatic and tuberculous lymph nodes, and to improve the diagnosis and differential diagnostic rate of tuberculous lymph nodes and metastatic lymph nodes using ultrasonography.
Materials and Methods

Patients
This study was approved by the institutional review board of the Peking University Cancer Hospital, and written informed consent was obtained from all patients before their CEUS examinations and biopsy.
Patients with cervical lymphadenopathy who had conventional ultrasonography and CEUS results as well as biopsy (samples taken by ultrasound-guided biopsy) results between April 2015 and March 2016 were included in this study.
Nineteen patients (15 females and 4 males) with a mean age of 40.8 6 16.7 years (range 19 to 72 years) who were diagnosed as tuberculous lymph node by pathology were analyzed. None of the patients showed clinical symptoms of tuberculosis. Pathological results showed granulomatous inflammation and caseous necrosis in 16 cases. The other three cases were diagnosed as tuberculosis infection by cytological examination after aspiration of the pus.
Forty-three patients with cervical lymph node metastases confirmed by pathology were investigated (15 females and 28 males). The mean age was 56.3 6 11.0 years (range 31 to 79 years). Pathological findings confirmed nine cases of squamous cell carcinoma metastasis, eight cases of adenocarcinoma metastasis, eight cases of small cell malignancy, and 18 cases of poorly differentiated carcinoma.
Ultrasound Examination
The instrument used was a LOGIQ E9 system (GE Healthcare, Wauwatosa, WI) with a 9L probe and approximate 5-to 9-MHz frequency. The contrast agent was SonoVue (Bracco, Milan, Italy).
Conventional ultrasonography and color Doppler ultrasonography were carried out to observe and record the location, size, and shape of the lymph node, as well as the internal echo and the blood flow. We selected one of the biggest lymph nodes, which was near the carotid artery, to observe. The focus and depth was adjusted to obtain a clear image of the lesion and switch the system to the gray scale CEUS mode. The mechanical index was 0.13, the power output was 8%, the total gain was 27, the frequency was set to "Res," and the dynamic range was 60 dB. A total of 1 mL of contrast agent was injected via the elbow superficial vein using bolus injection, and followed by 5 mL normal saline. The wash-in and wash-out process within the lesion was observed. At 1 min 30 s, the DICOM dynamic data were stored, and then the flash button was triggered to blast the microbubbles, to observe the perfusion process once again under low dosage of contrast agent. 8 The dynamic images were stored after 10 s of blasting.
The images were analyzed by two physicians who had over 10 years of experience both in ultrasound and CEUS examination and who were blinded to the patients' symptoms and pathological diagnosis. For CEUS, the uniformity of the intensity during arterial phase and whether perfusion defect area could be identified were observed. If the two physicians had different diagnoses for a given image, discussion would take place to reach an agreement on the final report.
All DICOM data were analyzed using the built-in TIC analysis software of LOGIQ E9. The region of interest, preferably including the intact lymph node, was selected to obtain the TIC curve. The cross section of the carotid artery next to the lymph node was used as the control. Quantitative parameters included [9] [10] [11] (1) peak intensity (PI) of the lesion, showing the difference between the PI and the basal intensity of the lesion; (2) intensity difference (᭝PI), showing the difference between the PIs of the nearby artery and the lesion; (3) k (decreasing function [k > 0] for "wash-out"; for larger k, the intensity decreases quickly after the peak); and (4) C (increasing function [C > 0] for "wash-in"; for larger C, the intensity increases quickly before the peak).
A 5-point scoring scale was used to evaluate diagnostic confidence on ultrasonography images taken before and after TIC analysis. 12 Conventional ultrasonography images scored 1 point if they were considered benign, 2 points for possibly benign, 3 points for uncertain nature of disease, 4 points for possibly malignant, and 5 points for malignant lesions.
The 5-point scoring of diagnostic confidence was redefined based on CEUS findings and TIC analysis for tuberculous lymph nodes and metastatic lymph nodes. Metastatic lymph nodes had the following CEUS and TIC characteristics ( Figure 1 ): (1) hypo-enhancement in arterial phase, (2) TIC showing a shallow descending curve, and (3) no apparent notch on the TIC curve (a different curve compared with the TIC of the carotid artery). An image scored 5 points if all three characteristics were met; if two of the three were met, the image was scored 4 points. Tuberculous lymph nodes had the following characteristics: (1) hyper-enhancement in arterial phase, (2) TIC showing a steep descending curve, and (3) with an apparent notch on the descending branch of TIC curve (showing a similar curve compared with the TIC of the carotid artery). An image scored 1 point if all three characteristics were met; if two of the three were met, the image scored 2 points. If the nature of disease could not be determined based on the aforementioned criteria, the image scored 3 points.
Statistical Analysis SPSS 21.0 software (IBM Corp, Armonk, NY) was used for data analysis. The continuous data were expressed as the mean 6 standard deviation. Percentages and composition ratio were used for categorical parameters. Fisher's exact test was used to compare categorical parameters, and a two-tailed t-test was used for the continuous parameters. A P value of less than .05 was considered to be statistically significant. Kappa statistic was used to evaluate the interagreement regarding the diagnosis made by different examiners. Kappa coefficient was used to describe the degree of consistency: k less than 0.4 was considered as poor consistency, 0.41 to 0.75 as medium consistency, and k greater than 0.75 as good agreement.
Results
Compared with patients of metastatic lymph nodes, patients of tuberculous lymph nodes were younger (P 5 .001). The percentage of young female patients in tuberculosis patients was higher (P 5 .001). The size of lymph nodes showed no difference between the two groups (P > .05).
Conventional ultrasonography showed no significant differences in nodule boundary, internal echo, degree of calcification, and distributions of blood flow between the two groups ( Table 1) . Table 2 provides the CEUS and TIC characteristics of tuberculous lymph nodes and metastatic lymph nodes. Time-intensity curve analysis was carried out in 16 tuberculous lymph nodes (three nodes showing large no-enhancement regions on CEUS resulted in failure to build up the TIC curve) and 43 metastatic lymph nodes. Steep descending curve was commonly found in tuberculous lymph nodes (13 of 16), and most cases showed an apparent notch on the curve (15 of 16). For metastatic lymph nodes, a shallow descending curve was common (40 of 43), and most did not have a notch (39 of 43). The difference between the two types of lesions was statistically significant (P < .01) (Figures 2 and 3) .
Contrast-Enhanced Ultrasonography and TIC
Comparing TIC parameters between the two types of lesions, both the k-value and the PI value of tuberculous lymph nodes were significantly higher than that of metastatic lymph nodes (P < .05, respectively), whereas the ᭝PI value was significantly lower (P < .05). Table 3 lists the diagnostic confidence scores before and after CEUS and TIC analysis. Diagnosis uncertainty (confidence score of 3) was significantly reduced after CEUS and TIC analysis was used (31 of 59 [52.5%] versus 2 of 59 [3.4%], P < .001). Diagnostic accuracy (confirmed by pathological results and the confidence score was not 3 points) before and after CEUS and TIC analysis was 47.4% (28 of 59) and 96.6% (57 of 59), respectively (P < .001). Before CEUS, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy rate were 60.5, 26.3, 65, 22.7, and 50%, respectively. After CEUS and TIC analysis, the sensitivity, specificity, BI, baseline intensity; PIa, peak intensity of the focal artery; PIln, peak intensity of the lymph node. Figure 2 . A 53-year-old male patient suffering from lung cancer, with multiple swelling lymph nodes on the right neck. He was diagnosed as lymph node metastasis by biopsy pathology. A, Traditional ultrasound shows a swelling hypoechoic lymph node with clear border (white star). B, Color Doppler shows a few blood-flow signals in the lymph node (white arrow). C, On arterial phase of CEUS, the lymph node is hypo-enhanced (white arrow), with the no-enhancement region (red heart). D, The TIC curve shows a shallow descending curve without apparent notch (blue arrow), which is different from the TIC curve of the carotid artery (yellow arrow).The k-value of the lymph node is 0.041. E, Pathological result demonstrates moderately differentiated adenocarcinoma (4003 original magnification). Figure 3 . A 28-year-old female patient with multiple swelling lymph nodes on the left neck (accidental). She was diagnosed as tuberculosis after the ultrasound-guided lymph node biopsy. A, Traditional ultrasound shows a swelling hypoechoic lymph node with clear border (white star). B, Color Doppler shows a scattered blood flow signal in the lymph node (white arrow). C, On arterial phase of CEUS, the lymph node is hypoenhanced (white arrow) with the no-enhancement region (red heart). D, The TIC curve shows a steep descending curve with an apparent notch (blue arrow), which is similar to the TIC curve of the carotid artery (yellow arrow). The k-value of the lymph node is 0.478. E, Microscope shows granulomatous inflammation associated with necrosis within fibrous tissue, which was diagnosed as tuberculosis eventually (4003 original magnification).
Comparison of Diagnosis
Made Before and After TIC Analysis Kappa values showing the diagnosis consistency of the two physicians before and after CEUS and TIC analysis were 0.582 and 0.761, respectively, suggesting a better interagreement when TIC analysis was used.
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positive predictive value, negative predictive value, and accuracy rate were 88. Treatments for tuberculous lymph node and metastatic lymph node are significantly different; therefore, it is critical to have definite and correct diagnosis for these two types of lesions. Conventional ultrasonography can show the morphology, echo, and internal blood flow of the lymph nodes, whereas CEUS can display the microvascular morphology and real-time blood perfusion of the tumor. In this study, the CEUS characteristics and TIC parameters of tuberculous lymph nodes and metastatic lymph nodes were analyzed to provide evidence for differential diagnosis.
In this study, tuberculous lymph nodes and metastatic lymph nodes showed no significant differences in nodule size, border, internal echo, degree of calcification, and distribution of blood flow. Results of this study showed that atypical tuberculous lymph nodes and metastatic lymph nodes were difficult to be differentiated by using conventional ultrasonography. Similar findings have been reported previously 14, 15 ; Han et al concluded that swollen lymph nodes that are most likely to be misdiagnosed as malignant by conventional ultrasonography alone are tuberculous lymph nodes. 16 Previous studies showed that the presence of peripheral vascularity suggests a malignant nature, and central and hilar vascularity mostly indicates tuberculous or reactive nodes. 17 However, similar angiogenesis may occur in tuberculous and metastatic nodes. The hilar vascularity of tuberculous lymph nodes may be destroyed by the intranodal cystic necrosis, which induces blood supply from the periphery, particularly from inflamed perinodal tissue as suggested in previous studies. 17 Dangore et al reported that 24% of tuberculous nodes showed peripheral vascularity, and 12% of tuberculous nodes showed capsular vascularity. 18 Because color Doppler ultrasonography cannot show low-speed blood flow, it has disadvantages in displaying intranodal vascular characteristics of lymph nodes. Using conventional ultrasonography and color Doppler ultrasonography in differential diagnosis of metastatic lymph nodes and tuberculous lymph nodes is found to lack sensitivity. Although recently it has been suggested that microvascular ultrasonography could help to improve the differential diagnosis of metastatic and tuberculous lymph nodes, 19 special instruments are required for microvascular ultrasonography; therefore, the application of this technique is limited.
In this study, concentric perfusion was found in both tuberculous lymph nodes (12 of 16) and metastatic lymph nodes (42 of 43) under CEUS. Although the difference in proportion between the two types of lymph nodes was statistically significant (P < .05), concentric perfusion was found to be the most common perfusion pattern of tuberculous lymph nodes and the total cases of tuberculous lymph nodes in this study were quite limited. Various studies published previously focused on the effect of CEUS on diagnosing metastatic lymph nodes, most of which showed a centripetal enhancement from periphery to center, with nonuniform enhancement and perfusion defects as reliable indication for metastatic lymph nodes. 6, 7, 20 However, it was also found that necrosis was present in granulomatous lymphadenitis caused by tuberculosis or other diseases. 21 In this study, most metastatic lymph nodes showed heterogeneous enhancement with no-enhancement areas, whereas tuberculous lymph nodes showed single or multiple irregular no-enhancement areas surrounded by heterogeneous enhancement near the boundary. Han et al showed that the characteristic CEUS image of tuberculous lymph nodes was the large no-enhancement area at the center (indicating caseous necrosis) and peripheral ring-shaped enhancement, making a glasses-shaped appearance. 16 Because tuberculous inflammation causes granulation tissue hyperplasia and neovascularization that result in heterogeneous enhancement in CEUS, the CEUS pattern of tuberculous lymph nodes could be similar with metastatic lymph nodes. It has difficulties in differentiation diagnosis of tuberculous and metastatic lymph nodes using the perfusion pattern of CEUS only.
This study not only focused on the enhanced ultrasonography mode of CEUS images, but also analyzed the TIC characters. We found that most of the tuberculous lymph nodes showed steep descending curve (13 of 16) with an apparent notch on the descending branch of TIC curve (15 of 16), whereas most of the metastatic lymph nodes showed shallow descending curve (40 of 43) without an apparent notch (39 of 43), and the difference between the two types of lymph nodes was statistically significant. Comparison of the parameters of TIC showed that the k-value of the tuberculous lymph nodes was significant larger than that of metastatic lymph nodes (P < .05). The k-value is the parameter to show the slope of the descending curve. The larger kvalue was seen in tuberculous lymph nodes, which indicates a steep descending curve, whereas a smaller k-value was in metastatic lymph nodes, indicating a shallow descending curve. Metastatic lymph nodes displayed a characteristic of "slowly washing out," which may be associated with the malignant behavior of metastatic lymph nodes. Metastatic lymph nodes' secret vascular growth factors form a large number of immature microvessels. The number of opening vessels was more in metastatic lymph nodes than in benign lymphoid tissue. Some studies suggested that the sustained and slow decline of TIC curve in metastatic lymph node curve may be related to tumor venous feedback disorder. 6, 22 As the microvessels in tuberculous lymph nodes are newly formed capillaries, the TIC would be more similar to the TIC of a normal carotid artery.
Compared with metastatic lymph nodes, the PI of tuberculous lymph nodes was significantly greater. The PI value represents the maximum dose of contrast agent that has reached the region of interest per unit time, reflecting the local tissue perfusion. The PI value is greater when the lesion has opened capillaries, resulting in the total number of microbubbles being more in the lesion. The lymph node is an organ with rich blood supply, and there is an abundant blood supply in a normal lymph node. When tumor metastasis reaches the lymph nodes, the normal structure of the lymph nodes is destroyed and is replaced by neovascularized blood vessels with relatively inadequate blood flow compared with normal lymph nodes. It has been reported that the derived PI of the metastatic lymph nodes was lower than that of normal lymph nodes. 6, 23 Poanta et al showed that derived PI was higher in benign nodes, and regional blood volume was also higher. The time to peak and area under the curve were similar in both benign and malignant nodes. In contrast, to avoid the effect of the machine setup and any other individual difference, we also used a relative value (᭝PI) to measure the difference between the PIs of the nearby artery and the lesion. The ᭝PI value was significantly smaller in tuberculous lymph nodes, which demonstrated the same result of PI. In our study, the number of tuberculosis cases was limited; therefore, further investigation with a larger patient population is needed to make a comparison in PI between metastatic and tuberculous lymph nodes.
In this study, although the diagnostic accuracy increased after using TIC analysis, there were still five cases that were misdiagnosed. Further examination found that CEUS images of these metastatic lymph nodes showed hyperenhancement with higher PI and ᭝PI. Pathological results showed medium or poorly differentiated adenocarcinoma. This finding suggested that the presentations of lymph node metastasis may be different for various malignant tumors. In addition, the notch on the TIC of carotid artery was not apparent in three patients, which had an effect on the diagnosis. It was speculated that the cardiac function of these patients might have caused hemodynamic changes, leading to such TIC characteristics.
In this study, the number of patients with tuberculous lymph nodes was limited, and all of these cases were clinically atypical tuberculous lymph node. Most of the cases presented as solid lymph nodes in twodimensional ultrasonography, and few cases accompanied with abscess and calcification. However, we could not carry out specific staining of pathological samples, such as immunochemistry of CD34, to demonstrate the neovascularization degree and microvessel density. Future studies will enroll more patients.
In summary, CEUS can display the characteristics of real-time blood perfusion in lymph nodes. The TIC can give more information to distinguish tuberculous lymph nodes from metastatic lymph nodes.
